A strain of Escherichia coli K-12 carrying eight compatible and distinguishable plasmids was constructed. The amount of pleAsmid DNA (measured as supercoiled molecules) per chromosome in this strain was about equal to the sum of the plasmid DNAs, extracted under controlled conditions, from strains each carrying one of the eight plasmids. Analysis of these DNA preparations showed that each plasmid in the multiplasmid strain was present in the same proportion per chromosome as in the single-pid strains. Also the level of phenotypic expression of each plasmid in the multiplasmid strain was the same as in the singleplasmid strains. Each plasmid, therefore, appears to control its own copy number irrespective of the presence of other compatible plasmids.
A strain of Escherichia coli K-12 carrying eight compatible and distinguishable plasmids was constructed. The amount of pleAsmid DNA (measured as supercoiled molecules) per chromosome in this strain was about equal to the sum of the plasmid DNAs, extracted under controlled conditions, from strains each carrying one of the eight plasmids. Analysis of these DNA preparations showed that each plasmid in the multiplasmid strain was present in the same proportion per chromosome as in the single-pid strains. Also the level of phenotypic expression of each plasmid in the multiplasmid strain was the same as in the singleplasmid strains. Each plasmid, therefore, appears to control its own copy number irrespective of the presence of other compatible plasmids.
A problem exercising many minds at present is how the replication of bacterial replicons is controlled. Plasmids appear to have a characteristic copy number under specific growth conditions, there being an approximate inverse relationship between the copy numbers and molecular weights of plasmids. It has been suggested by Ruby and Novick (18) that, for many staphylococcal plasmids at least, this is a consequence of a control system such that the plasmid population within the cell represents a constant proportion of the chromosomal DNA. In other words, the cell can support a maximum level of extrachromosomal DNA whether a single or several plasmid species are present. However, in Escherichia coli, it is generally assumed that plasmid replication is controlled so that each plasmid maintains its own specific copy number irrespective of the presence or absence of other compatible plasmids. It has been shown that a multicopy plasmid (R300B) was not affected in its copy number by the presence of a second, compatible plasmid (3). It may be, however, that these two plasmids did not interact, as shown for staphylococcal plasmids, because the total plasmid DNA did not reach a postulated cellular limit. We therefore constructed a strain of E. coli K-12 carrying eight distinguishable plasmids and measured their copy numbers individually and together.
MATERIALS AND METHODS (17) .
Broth cultures of HH88 and JC411 were mixed and incubated at 370C for 1 h. Volumes, 0.1 ml, of the mixed culture were spread on minimal agar with the amino acids required by JC411 and each of the marker drugs, separately, whose resistance was determined by each plasmid of HH88. Direct selection was not made for resistance to HgC12 or for colicinogeny. Twenty colonies from each selection plate were first purified by restreaking on MacConkey agar (which allowed recognition of the recipient) and then tested, as above, for markers of each of the eight plmids originally present.
Measurement of drug residstance levels, coHlcinogeny, and colicin immunity. Minimal inhibitory concentrations of antibacteril agents were measured with stationary-phase cultures. These were diluted 103-, 106-, and 105-fold, and each dilution was inoculated with a multiple inoculator onto minimal or nutrient medium containing known concentrations of drug. The most dilute inoculum gave separate colonies on drug-free medium. The minimal inhibitory concentration was the lowest concentration of drug permitting no visible growth.
Colicin production was estimated by growing straim as stabs in nutrient agar plates, chloroforming these, and then overlaying with a colicin (ColEl)-sensitive strain in soft agar. After incubation, the diameters of the clear zones in the sensitive strain around the stabs were a measure of the colicin produced. 3 ml of the HH88 culture was added to each of the 3H-labeled cultures. These were then lysed by the Sarkosyl method of Bazaral and Helinski (5). These "mixed lysates" were centrifuged to equilibrium with CsCl and ethidium bromide, and the resulting DNA bands were fractionated as previously described (3). Samples (10 1d) from the fractions were used to measure the radioactivity (3H and`4C) in the supercoiled and relaxed DNA bands (3). The ratio of these counts multiplied by the ratio of the molecular weight of the E. coli chromosome (2.5 x 109; 9) to that of the plasmid was taken as the supercoiled plasmid copy number.
Sucrose gradient eimentation anlysis. The molecular weights of plasmids were measured1 by sedimentation through freeze-thaw-generated, isokinetic (ca. 5 to 20%) sucrose gradients. The preparation of such gradients and calculation of molecular weights have been desribed previously (3, 4) .
RESULTS
Derivation of plasmids used. In the construction of HH88, we used the plasmids shown in Table 1 , because they proved to be compatible and each had a separate identifiable marker. Two previously undescribed plaids were included.
(i) pHH509. pHH509 is a small, multicopy, nonconjugative Apr plasmid. It appeared during transformation of E. coli C, using DNA from RP4. We originally assumed it to be a "mini-RP4," but it proved to be compatible with RP4, had a higher copy number and a lower guanine plus cytosine ratio (ca. 50%), and determined a lower level of ampicillin resistance (data not shown) and a distinguishable,B-lactamase (M.
Matthew, personal communication). Its isolation could not be repeated; we therefore conclude that pHH509 did not originate from RP4 but rather was a contaminant molecule. This phenomenon has been reported before (namely, for pSC101; 8).
(ii) R831b. The (Table 3) . These data clearly show that each of the plasmids in HH88 expresses its phenotype to the same level as it does when separately present in W3110T-, suggesting that each plasmid maintains its characteristic gene dosage in the multiplasmid strain.
Measurement of plasmid copy number. We measured the amount of plasmid DNA per chromosome as the ratio of supercoiled to linear DNA isolated in'4SsCl-ethidium bromide centrifugations. This method of estimation gives a minimal value for the amount of plasmid DNA present and has the disadvantage that the proportion of plasmid DNA isolated in the supercoiled form probably depends upon the growth physiology of the culture and the precise conditions of the extraction. We minimized the first source of variability by growing the cultures under as closely similar conditions as possible, between the same initial and final cell titers. Figure 1 shows the growth curves: the singleplasmid-containing strains have parallel growth curves, but HH88 grows significantly more slowly. This is presumably due to the extra DNA carried by this strain. The second source of variability was controlled in that we extracted DNA from each single-plasmid culture after mixing with a differently labeled culture of HH88. This mixed-lysate technique enabled us to measure the proportion of supercoiled DNA per chromosome given by each single-plasmid strain compared with the proportion given by HH88 isolated under identical conditions.
The results are presented in Table 4 . The mean recovery of supercoiled DNA from HH88 in each of the extractions was 25.9%, with a standard deviation of 2.9% (i.e., about 11% of the mean). The efficiency of plasmid extraction was therefore reasonably consistent for the eight Fig. 2 . Figure 3 shows the summation of these eight analyses. The Fig. 2 .
